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Table. Introduction of Electrophiles and Desulfurization of the Resulting 3. 

El+ El 1 --> 3 (%) 3 --> 4 (%) 
_II__________________l_^_______l________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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aThe reaction was performed in the presence of CuI (1 equiv). 
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be converted to the corresponding stable anionic species which undergoes alky- 

lation with alkyl halides or oxiranes to afford 3. In the reaction with 

aldehydes or ketones, the lithiated phenyl sulfide reacts exclusively on its 

furfuryl site to yield the corresponding 1,2-addition product 3.4 Removal of 

sulfur group can be effected cleanly by treating with Raney nickel to yield 4. 

With some exceptional cases which include an electron-withdrawing substituent, 

the resulting furan derivatives 4 can be transformed to the butenolides 5 in 

good yield (65-85%). 

The present procedure is applicable for the preparation of 3,4-cis-di- 

substituted butyrolactones via hydrogenation of 5. Synthesis of cis-quercus 

lactone' represents a typical example (Eq 2). 
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C3R7 

X-& 

a,b) 

+ C3H7-I - Me Si P 
3 

80% 0 
SC6H5 

cl 
a) Raney Ni; 90% 

76% 
0 C4H9 -0 C4R9 

b) CH3C03H; (Eq 2) 

0 c) H2/Rh-A1203; 90% 

For synthetic transformations including a conjugate addition of a buteno- 

lide moiety, use of the diphenyl dithioacetal 2 6 in place of 1 is much more 

preferable. Although our initial purpose was successfully attained by using the 

anionic species of 1 (Eq 3), the reaction with usual enones, e.g. 2-cyclo- 

hexenone or its 3-methyl substituted one, leads to the predominant formation of 

the corresponding 1,2-addition products even in the presence of various Cu(1) 

salts. In contrast, conjugate addition of lithiated 2 to enones takes place 

cleanly to afford the 1,4-addition products exclusively. These products were 

converted to the corresponding butenolides after protection of their ketone 

functions as acetals followed by removal of the sulfur group and oxidation as 

above (Eq 4). 

Me3Si cH(sc&)Li + 
a,b) 

- Me3Si 

94% 0 
SC6H5 

(Eq 3) 

a) Raney Ni; 93%. b) CH3C03H; 62% 
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Me3Si 
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0 (2; 0 
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- Me 3 Si -0 -CwCSH5)~ 
94% 0 

0 

b,c,d) 0 3 
-0 (Eq 4) 

0 

a) BuLi. b) HO-(CH2)2-OH, (C02H)2; 89%. c) Li, EtNH2; 80%. d) CH3C03H; 84%. 

Thus, it can be concluded that, in addition to regio-controlled effect on 

oxidative conversion to butenolide, a 5-trimethylsilyl group on the furan ring 

plays another important role for stabilization of the furfuryl carbanion, which 

allows to use the lithiated 1 and 2 as the nucleophilic butenolide equivalent 

A. 
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